Introduction {#S0001}
============

Extraintestinal pathogenic *E. coli* (ExPEC) cause infections outside the GI tract^[1](#CIT0001)^ and are the most common cause of urinary tract infections (UTIs) and blood stream infections.^[2](#CIT0002),[3](#CIT0003)^ ExPEC is also a leading cause of severe sepsis, which is the 10^th^ overall cause of death and the 6^th^ leading cause of hospitalization in the United States.^[4](#CIT0004),[5](#CIT0005)^ In the US, it is estimated that up to 40,000 patients die annually due to invasive ExPEC disease (IED), in particular from *E. coli* sepsis. Overall case-fatality rates for ExPEC bacteremia range from 13% to 19%, but may be much higher (up to 60%) in the elderly with healthcare-associated infections.^[6](#CIT0006),[7](#CIT0007)^

Until the late 1990s, the majority of the ExPEC isolates were susceptible to first line antibiotic classes including cephalosporins, fluoroquinolones, and trimethoprim-sulfamethoxazole. However, the management of ExPEC infections became more difficult worldwide during the 2000s due to increasing prevalence of (multi) drug-resistant (MDR) *E. coli* strains such as the MDR sequence type (ST) O25b:ST131.^[3](#CIT0003),[8](#CIT0008)^ An increase in antibiotic resistance of this clone resulted in increased morbidity, mortality, and treatment cost.^[8](#CIT0008),[9](#CIT0009)^ A broad distribution of antibiotic resistance among *E. coli* strains has also been demonstrated from human infection in Japan.^[10](#CIT0010),[11](#CIT0011)^

The lipopolysaccharide (LPS) O-antigen, a surface antigen of *E. coli*, is essential for the pathogenesis of the bacteria as it protects the *E. coli* from opsonophagocytosis.^[2](#CIT0002),[12](#CIT0012)^ Therefore, antibodies specific to O-antigen might offer effective protection against ExPEC infections. Preclinical and clinical studies have shown that multivalent conjugated *E coli* O-antigen vaccines are safe and immunogenic.^[13](#CIT0013)^

ExPEC4V is a tetravalent O-polysaccharide conjugate vaccine being developed for active immunization for the prevention of IED, which is caused by vaccine O-serotypes in adults. It is composed of the O-antigens of the ExPEC serotypes O1A, O2, O6A and O25B bioconjugated to a detoxified variant of Exotoxin A from *Pseudomonas aeruginosa* (EPA). These O-antigens for the bioconjugated ExPEC4V vaccine were selected on the basis of epidemiological studies that showed these *E. coli* serotypes to be frequently associated with UTI and bacteremia infections.^[12](#CIT0012)^ In preclinical research and in the first-in-human clinical study conducted in women with a history of recurrent UTI, ExPEC4V (4 µg Polysaccharide \[PS\]/serotype) was well tolerated and elicited a robust antibody response at Days 30 and 270 post-vaccination.^[2](#CIT0002),[12](#CIT0012)^ Data from Japanese Nosocomial Infections Surveillance suggest that *E.coli* causing bacteremia is increasing in the Japanese population.^[14](#CIT0014)^ Since antibiotic resistant ExPEC strains are also prevalent in the Japanese population,^[15](#CIT0015)^ the Phase 1 study described herein was conducted to investigate the safety, tolerability and immunogenicity of 3 different dose levels of ExPEC4V vaccine in healthy adult Japanese participants. This study was conducted in a dose-ascending manner as there was no prior clinical experience in the Japanese population. The results of this study in Japanese subjects, along with a global Phase 2 study (manuscript under preparation), would be used to support the dose selection of ExPEC4V in future studies.

Results {#S0002}
=======

Participants {#S0002-S2001}
------------

Of the 48 randomized participants (younger age group: n = 24; older age group: n = 24), 47 completed the study. One participant from placebo group (younger age group) withdrew consent due to family reason. The median age of the younger group was 41.0 years (range: 20 to 49) and that of the older age group was 56.5 years (range: 50 to 70). A history of previous vaccination was reported in 71% of participants in the younger group, and 54% in the older group. In the younger group, 14 of 24 participants (58%) had ≥ 1 medical history abnormality, and the most commonly reported were rhinitis allergic (n = 4/24, 17%) and headache (n = 3/24,13%). In the older group, 18 of 24 participants (75%) had ≥1 medical history abnormality, with the most commonly reported being appendicitis and appendectomy (n = 6, 25%). There were no apparent differences in demographic and baseline characteristics between the treatment groups or across age groups ([Table 1](#T0001)). 10.1080/21645515.2018.1474316-T0001Table 1.Demographics and baseline characteristics of participants by age group and treatment. PlaceboExPEC4V  N = 124:4:4:4 N = 128:8:8:8 N = 1216:16:16:16 N = 12All ages    Sex, n (%)      Male5 (42)6(50)6(50)5 (42)Race, n (%)      Asian12 (100)12 (100)12 (100)12 (100)Age (years)      Mean (SD)44.2 (16.57)44.6 (15.48)45.6 (10.97)51.9 (13.83)Body-mass index (kg/m^2^)      Mean (SD)22.94 (2.374)22.10 (1.817)22.17 (2.575)22.22 (2.832)Childbearing potential for female patients, n (%)      N7667  Yes4 (57)4 (67)3 (50)3 (43)Cigarette smokers, n (%)      N5689  Current1 (20)2 (33)3 (38)5 (56)  Former4 (80)4 (67)5 (63)4 (44)Age: \> = 20 to \<50 years     N6666Sex, n (%)      Male2 (33)3 (50)4 (67)3 (50)Age (years)      Mean (SD)30.3 (9.91)32.7 (13.11)37.3 (9.22)41.0 (9.17)Body-mass index (kg/m^2^)      Mean (SD)23.05 (3.078)21.77 (2.067)21.44 (3.120)21.16 (2.643)Childbearing potential for female patients, n (%)      N4323  Yes4 (100)3 (100)2 (100)3 (100)Cigarette smokers, n (%)      N2365  Current1 (50)1 (33)2 (33)4 (80)  Former1 (50)2 (67)4 (67)1 (20)     Age: \> = 50 years     N6666Sex, n (%)      Male3 (50)3 (50)2 (33)2 (33)Age (years)      Mean (SD)58.0 (6.84)56.5 (3.83)53.8 (4.07)62.8 (7.14)Body-mass index (kg/m^2^)      Mean (SD)22.83 (1.702)22.43 (1.651)22.91 (1.886)23.29 (2.815)Childbearing potential for female patients, n (%)      N3344  Yes01 (33)1 (25)0Cigarette smokers, n (%)      N3324  Current01 (33)1 (50)1 (25)  Former3 (100)2 (67)1 (50)3 (75)

Safety {#S0002-S2002}
------

A total of 23 (48%) participants experienced ≥1 AE (n = 13, 54% in younger age group; n = 10, 42% in older age group). Deaths, other SAEs or AEs leading to discontinuation were not reported in the study. Solicited AEs were reported in 16 (44%) participants who received ExPEC4V and in 6 (50%) participants who received placebo. A total 13 (54%) participants in the younger age group and 9 (38%) participants in the older age group reported solicited AEs. All solicited AEs were mild to moderate (Grade 1 or 2).

Solicited local AEs were reported more frequently in participants who received ExPEC4V (n = 12, 33%) compared to participants who received placebo (n = 1, 8%). The incidence of solicited local AEs was comparable between the younger (n = 6, 25%) and older (n = 7, 29%) age group. Overall, the most commonly reported solicited local AEs were pain/tenderness at the injection site (n = 12, 25%) and redness at the injection site (n = 9, 19%). In the younger age group, pain/tenderness was reported in 3 participants in the 8 μg PS/serotype group, 2 participants in the 16 μg PS/serotype group, and 1 participant in the placebo group. In the older age group, pain/tenderness was reported in 2 participants in the 8 μg PS/serotype group and 4 participants in the 16 μg PS/serotype group. The median (range) time to onset was 6.5 days (2.0--8.0 days) for pain/tenderness at the injection site and 7.0 days (5.0--8.0 days) for redness at the injection site. The median duration of pain/tenderness was 3.0 days (range: 1.0 to 6.0 days) for all participants with a median of 2.5 days in the younger age group and 3.0 days in the older age group. Solicited systemic AEs were reported in 8 (22%) participants who received ExPEC4V and 5 (42%) participants who received placebo. The most frequently reported solicited systemic AEs were malaise (n = 9, 19%), fatigue (n = 7, 15%), and headache (n = 6, 13%) ([Table 2](#T0002)). The median (range) time to onset of malaise and headache was 1.0 day (1.0--6.0 days) and 2.0 days (1.0--8.0 days), respectively. Both malaise and headache had a similar median duration of 2.0 days (1.0--9.0 days). Whereas the median (range) time to onset of fatigue, tiredness, feeling weary was 3.0 days (1.0--5.0 days) with a median (range) duration 2.0 days (1.0--9.0 days). 10.1080/21645515.2018.1474316-T0002Table 2.Adverse events summary. PlaceboExPEC4V  N = 124:4:4:4 N = 128:8:8:8 N = 1216:16:16:16 N = 12Combined N = 36Any AE, n (%)7 (58)2 (17)6 (50)8 (67)16 (44)Any AE leading to discontinuation of the study00000Any serious AE00000Any solicited AE, n (%)6 (50)2 (17)6 (50)8 (67)16 (44)Any Grade 3 solicited AE, n (%)00000Any solicited local AE, n (%)1 (8)06 (50)6 (50)12 (33) Pain/Tenderness1 (8)05 (42)6 (50)11(31) Redness004 (33)5 (42)9 (25) Swelling/hard spot0001 (8)1 (3)Any solicited systemic AE, n (%)5 (42)2 (17)2 (17)4 (33)8 (22) Fatigue/Tiredness/Feeling weary3 (25)1 (8)1 (8)2 (17)4 (11) Headache2 (17)2 (17)02 (17)4 (11) Nausea2 (17)0000 Muscle Pain01 (8)01 (8)2 (6) Malaise4 (33)2 (17)1 (8)2 (17)5 (14) Fever001 (8)01 (3)Any solicited systemic AE thought to be related to vaccine, n (%)3 (25)2 (17)2 (17)4 (33)8 (22)Any unsolicited AE, n (%)2 (17)02 (17)1 (8)3 (8) Nasopharyngitis1 (8)0000 Laceration of left hand1 (8)0000 Lymph node pain001 (8)01 (8) Lymphadenopathy001 (8)01 (8) Myalgia001 (8)01 (8) Increased WBC0001 (8)1 (8)Any Grade 3 unsolicited AE, n (%)00000Any unsolicited AE thought to be related to vaccine, n (%)002 (17)1 (8)3 (8)

Unsolicited AEs were reported in 3 (8%) participants who received ExPEC4V and 2 (17%) participants who received placebo ([Table 2](#T0002)). Lymph node pain and lymphadenopathy were reported in 1 participant (8 μg PS/serotype) of the younger age group, while myalgia (8 μg PS/serotype) and increased WBC (16 μg PS/serotype) were reported in 2 participants of the older age group. Also, nasopharyngitis and laceration of the left hand that were reported in a placebo recipient was considered as an unsolicited AE. There were no clinically notable changes in the biochemical or hematology laboratory parameters and vital sign measurements over time in any of the treatment groups.

Immunogenicity {#S0002-S2003}
--------------

The ELISA IgG geometric mean titers (GMTs) of ExPEC4V recipients increased markedly (at least 5-fold) on Day 15 and Day 30, relative to baseline, for all dose levels and serotypes of ExPEC4V ([Fig. 1](#F0001)) (Supplementary [Table 1](#T0001)). For the 4 μg, 8 μg and 16 μg PS/serotype groups, Day 15 GM fold increases in IgG titer values relative to baseline were as follows, respectively: O1A, 5.2-, 9.4- and 21.8-fold; O2, 19.7-, 27.5- and 34.9-fold; O6A, 7.5-, 7.0- and 23.67-fold; O25B, 16.1-, 6.5- and 13.5-fold. IgG GMT values and GM fold increases on Day 15 and Day 30 were similar, indicating the vaccine-mediated immune response was at a maximum by Day 15. Placebo group exhibited little or no change in IgG GMT values through Day 30. 10.1080/21645515.2018.1474316-F0001Figure 1.Postimmunization GMT at Day 15 and Day 30 as measured with ELISA (A) and OPK (B) assays.

The OPK functional antibody GMT values also demonstrated an immunogenic response on Day 15 and Day 30. For 4 μg, 8 μg and 16 μg PS/serotype groups, Day 15 GM fold increases in titer values relative to baseline were as follows, respectively: O1A, 4.2-, 17.0- and 29.1-fold; O2, 23.4-, 38.6- and 57.1-fold; O6A, 2.6-, 2.2- and 5.8-fold; O25B, 4.6-, 2.8- and 2.9-fold. OPK GMT and GM fold increases on Day 15 and Day 30 were similar, indicating the vaccine-mediated immune response was at a maximum by Day 15. Placebo sera exhibited little or no change in functional antibody titer values through Day 30.

On Day 15 compared to baseline, the proportion of participants with ≥2-fold increase in antibody titers across all doses ([Figure 2](#F0002)) ranged from 83%-100% (O1A), 100% (O2), 83%-100% (O6A) and 75%-92% (O25B) by ELISA and 67%-100% (O1A), 100% (O2), 50%-75% (O6A) and 50%-67% (O25B) by OPK. The percentage of subjects with ≥2-fold increased antibody titers observed on Day 30 was similar to those on Day 15. None of the participants who received placebo showed ≥2-fold increase in ELISA titers ([Fig. 2](#F0002)). Thus, immunogenicity findings described above with ELISA and OPK were generally in agreement with each other. The correlation coefficient between ELISA and OPK for all treatments and age subgroups ranged from 0.5940 to 0.9378 and 0.6249 to 0.9462, respectively. 10.1080/21645515.2018.1474316-F0002Figure 2.Percentage of participants with ≥2 fold increase at Day 15 and Day 30.

Discussion {#S0002-S2004}
----------

The reported Phase 1, placebo-controlled study in healthy Japanese adult subjects evaluated the safety, tolerability, and immunogenicity of an ExPEC4V vaccine at 3 different doses (4, 8, and 16 μg PS/serotype) administered intramuscularly. The vaccine was found to be safe and well tolerated at all dose levels in younger (≥20 to \<50 years) and older (≥50 years) adults. Compared to placebo, the vaccine elicited a robust immune response for all serotypes irrespective of the age or dose groups.

Preclinical studies of ExPEC4V vaccine have shown that a dose ranging from 0.4 μg to 20 μg PS/serotype has immunogenicity, and was tolerated.^[12](#CIT0012)^ In a first-in-human study conducted in women aged 18 to 70 years with a history of recurrent UTI, a single dose of ExPEC4V (4 μg PS/serotype) was found to be safe and immunogenic.^[2](#CIT0002)^ In the present study, the ExPEC4V vaccine was evaluated progressively from 4 μg PS/serotype to 16 μg PS/serotype since no prior safety data were available in the Japanese population. Similar to the first-in-human study, the present study showed that all ExPEC4V doses were immunogenic and well tolerated. Based on the results from these studies a phase 2 study to evaluate the dose-dependent immunogenicity of ExPEC4V, as measured by ELISA and OPK on Day 15 has been completed and two doses were selected to continue further evaluation (Manuscript under preparation).

In this study, the ExPEC4V vaccine showed no vaccine-related safety signals with a safety profile consistent with the previously studied conjugated vaccines.^[16](#CIT0016)--[18](#CIT0018)^ As observed in the previous Phase 1 study^[2](#CIT0002)^ conducted in participants with history of UTI, no vaccine related SAE was observed in the present study conducted in healthy volunteers. Both studies reported a higher incidence of injection site reactions in the vaccine recipients than the placebo group. All solicited local AEs were Grade 1 or 2 (mild or moderate) in severity. The most frequently reported solicited local AE was pain/tenderness at the injection site and systemic solicited AEs were fatigue, headache, and malaise, which were comparable with the previous Phase 1 study.

The ExPEC4V vaccine in the present study demonstrated a vaccine specific immune response for all the 4 serotypes in the Japanese population at Days 15 and 30 indicating a generally stable antibody titer to these *E. coli* serotypes over this time period. Placebo-treated subjects exhibited little or no change from baseline in antibody titers for the ExPEC4V serotypes for Days 15 and 30 (ELISA and OPK). In contrast, the ExPEC4V vaccine yielded an immunogenic response for all dose groups and for all serotypes, with an increase in antibody titers on Days 15 and 30 compared with baseline, within dose groups and for all serotypes. The wide 95% confidence intervals of GMTs for all serotypes and higher baseline GMT value in the control group versus vaccinated groups of O6A serotype could be due to the small sample size for each study group. There was a positive correlation between ELISA and OPK assay titers for all treatments (3 ExPEC4V groups and placebo group) and age subgroups in all serotypes.

Solicited local and systemic AEs will need to be further evaluated in studies with an increased sample size to exclude unacceptable reactogenicity with increasing doses. Also, further evaluation of different doses of ExPEC4V is needed to investigate the dose immunogenicity response and to analyze dose-dependent cross-reactivity between serotypes.

Conclusion {#S0002-S2005}
----------

Overall, the tetravalent ExPEC4V vaccine at 4, 8, and 16 µg PS/serotype was well tolerated and showed no new safety findings in healthy Japanese participants. The ExPEC4V vaccine exhibited strong IgG responses with opsonophagocytic killing activity for all dose groups. Findings of this study will help in the appropriate dose selection for future studies.

Methods {#S0003}
=======

Participants {#S0003-S2001}
------------

Healthy Japanese men and women aged ≥20 years, with body mass index ≤30 kg/m^2^, were considered for inclusion in the study. They had to meet the laboratory criteria defined by the Division of Microbiology and Infectious Diseases (DMID) toxicity table within 7 days preceding vaccination. Participants were of generally stable health, and without acute illness. Women participants of childbearing potential were required to have a negative urine pregnancy test within 24 hours before vaccination to be eligible for participation in the study and agreed to use a highly effective method of birth control until at least 3 months after study vaccine administration.

Participants with acute illness, acute infection, or fever, congenital or acquired immunodeficiency, chronic active hepatitis B or hepatitis C infection, current or history of autoimmune diseases, severe asthma or medically attended wheezing in the 7 days before vaccination were excluded. Participants who had received immunosuppressive therapy within 6 months preceding vaccination, or long-term systemic corticosteroid therapy for more than 2 consecutive weeks within 3 months preceding vaccination were also excluded from the study.

The study protocol was approved by the local Institutional Review Board and the study was conducted in accordance with the ethical principles originating in the Declaration of Helsinki, the International Conference on Harmonisation Good Clinical Practice guidelines, applicable regulatory requirements, and in compliance with the protocol. All participants provided written informed consent to participate in the study.

Study design {#S0003-S2002}
------------

This was a Phase 1, double-blind, randomized, placebo-controlled, parallel-group, single center study conducted between 6 May 2016 and 18 August 2016. Participants were stratified according to their age equally with a younger age group (≥20 to \<50 years) and older age group (≥50 years). Participants in each age group were then enrolled in a dose ascending approach. The study included a screening phase, vaccination, and a safety and immunogenicity follow-up phase. Following screening, participants were randomized to 1 of the 3 study dose levels of ExPEC4V (4, 8, or 16 µg PS/serotype) or placebo (vaccine buffer) based on a computer-generated randomization schedule ([Fig. 3](#F0003)). 10.1080/21645515.2018.1474316-F0003Figure 3.Schematic overview of the study design and participant disposition.

The randomization, vaccination, and post-vaccination procedures were completed on the same day (Day 1). Participants were observed for at least 60 minutes post-vaccination, for adverse events (AEs) or serious AEs, including anaphylactic reactions. At the end of 60-minute observation period, vital signs including body temperature were measured. Solicited local and systemic AEs were collected in a subject diary daily for 8 days post-vaccination. The participants were followed up for 30 days post-vaccination on Days 8 (±1), 15 (±2), and 30 (±3) for safety, and Days 15 (±2) and 30 (±3) for immunogenicity.

Prior to dose escalation, a blinded interim safety review was performed after each dose level and for each age group with a minimum of 6 participants to evaluate safety up to Day 15. The dose escalation decision was based on the available safety data. The dose escalation was done in both age groups separately and in parallel. The study duration for each participant was approximately 38 days (inclusive of screening and post-vaccination follow-up periods).

Concomitant medications {#S0003-S2003}
-----------------------

Concomitant therapies including vaccinations, medications, and herbal supplements were recorded throughout the study beginning with vaccine administration to the Day 30 visit. Concomitant therapies were also recorded beyond the Day 30 visit only in conjunction with serious adverse events (SAEs). Concomitant medications for underlying diseases such as hypertension, diabetes, hyperlipoproteinemia, or hypothyroidism were allowed.

Contraindications to vaccination {#S0003-S2004}
--------------------------------

Acute illness or acute infection (excluding minor illnesses such as mild diarrhea or mild upper respiratory tract infection) and fever (axillary temperature ≥37.5°C) at the time of vaccination were considered contraindications to vaccination.

Study drug {#S0003-S2005}
----------

ExPEC4V or placebo was administered as an intramuscular (IM) injection into the deltoid muscle, preferably in the nondominant arm (0.5 mL). Tris buffered saline was used as placebo. Each dose of ExPEC4V contained either 4, 8, or 16 μg PS/serotype.

Assessments {#S0004}
===========

Tolerability and safety {#S0004-S2001}
-----------------------

The safety and tolerability endpoints included solicited local and systemic AEs, unsolicited AEs, serious AEs, AEs leading to study discontinuation and AEs leading to death. Safety evaluation included assessment of solicited AEs from the time of vaccination until Day 8 and assessment of unsolicited AEs up to and including Day 30. Also, clinical laboratory tests, vital signs, and physical examinations were performed. Solicited AEs were assessed as either local or systemic. Solicited local AEs included injection site reactions, pain/tenderness, erythema, and induration/swelling, while headache, fatigue, malaise, nausea, myalgia, and body temperature (≥38°C) were analyzed as a solicited systemic AE.

Immunogenicity {#S0004-S2002}
--------------

The immunogenicity endpoints were to evaluate the serotype-specific immune response in sera of participants, mediated by a single vaccination with different doses of ExPEC4V or placebo, as measured by an Enzyme-linked immunosorbent assay (ELISA) and an opsonophagocytic killing (OPK) assay on Days 1, 15 and 30. The ELISA and OPK assays for ExPEC4V were performed as described previously.^[2](#CIT0002)^

Statistical methods {#S0005}
===================

Sample size {#S0005-S2001}
-----------

For this study, 48 participants (24 each in both younger and older age groups) were randomized. The number of participants evaluated in this study was expected to allow preliminary safety and immunogenicity assessment.

Analysis sets {#S0005-S2002}
-------------

All randomized and vaccinated (different doses of ExPEC4V or placebo) participants were included in the safety analysis set. All randomized and vaccinated (different doses of ExPEC4V or placebo) participants who have antibody titer measures of immunogenicity at baseline, and at least one measures at Day 15 or Day 30 were included in the immunogenicity analysis set.

Statistical methods {#S0005-S2003}
-------------------

Descriptive statistics were used to summarize the safety findings by dose and age groups. The immunogenicity endpoints measured with ELISA and OPK were summarized descriptively, while the correlation between ELISA and OPK was assessed using Pearson correlation coefficient methodology. Immunogenicity endpoints were evaluated on the basis of GMT of antibodies, proportion of subjects with 2-fold, 3-fold, and 4-fold changes in antibody titer, and antibody folder changes.
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[^1]: Supplementary data for this article can be accessed on the [publisher\'s website](http://www.tandfonline.com/khvi).
